ABSTRACT: Six mature geldings of light horse breeds (557 ± 37 kg) were randomly assigned to a nontoxic endophyte-infected tall fescue hay (n = 3) or pasture treatment (n = 3) in a crossover design with 14-d periods to estimate DMI with alkane markers and to compare DMI of hay and pasture. When fed pasture, horses were housed in stalls from 0700 to 1300 h daily with access to water and then grazed pasture as a group in a single 0.4 ha pasture from 1300 to 0700 h. When fed hay, horses were maintained individually in stalls and given access to hay ad libitum from 1300 to 0700 h. All horses were individually fed 225 g oats twice daily treated with hexatriacontane (C36; external marker) and fecal samples were collected at 0700 and 1900 h on d 10 to 14. Fecal samples were mixed, dried, subsampled, and analyzed for tritriacontane (C33) and hentriacontane (C31) as internal markers and C36 as the external marker using gas chromatography. Estimated hay DMI using either C33 (1.75 kg/100 kg BW) or C31 (1.74 kg/100 kg BW) as internal alkane marker did not differ (P = 0.55) from measured hay DMI (1.70 kg/100 kg BW). Pasture DMI and DM digestibility (DMD) estimated with C31 (2.24 kg/100 kg BW and 53.1 g/100 g DMI) or with C33 (2.34 kg/100 kg BW and 56.2 g/100 g DMI) was greater (P = 0.05) than hay DMI and DMD (1.74 kg/100 kg BW and 44.5 g/100 g DMI). Intake estimated with C33 or C31 did not differ (P = 0.35) during hay or pasture. In conclusion, alkanes can be used to estimate pasture or hay DMI and DMD, and pasture intake exceeded hay intake when offered ad libitum.
INTRODUCTION
Pasture nutrients can contribute significantly to equine nutrient requirements (Dowler et al., 2012; NRC, 2007) . However, accounting for pasture-derived nutrients in the overall ration requires an estimate of pasture intake. Pasture DMI estimates for continuously grazing horses range from 1.5 to 3% of BW (NRC, 2007) . Estimate variability is likely due to seasonal changes in herbage mass (Dowler et al., 2012) , forage characteristics (Fleurance et al., 2010) , feeding class (Grace et al., 2002) , and possibly differing methodologies for measuring intake.
Methods used to predict pasture intake of horses include herbage mass difference before and after grazing (Duren et al., 1989; Dowler et al., 2012; Glunk et al., 2013) , BW difference pre-and postgrazing (Ince et al., 2011) , and inert marker methods (e.g., alkanes, chromic oxide; Mayes and Dove, 2000) . Among these methods, n-alkanes have clear advantages in terms of ease of use and accuracy (Mayes and Dove, 2000) .
Odd-chain alkanes present in the cuticular wax of forage plants are used as internal markers to predict digestibility, and even-chain alkanes from external supplemental sources are fed and used to predict fecal output (Mayes and Dove, 2000) . The combined estimates of indigestibility (1 -digestibility; obtained using odd-chain alkanes) and fecal output (obtained using even-chain alkanes) can be used to predict DMI (fecal output/indigestibility). This method has been validated in horses using both fresh forage and hay (Stevens et al., 2002; Smith et al., 2007; Ferreira et al., 2007) ; however, reports of its application to grazing horses are limited (Friend et al., 2004) .
In the present study, the alkane method was used to estimate intake of tall fescue pasture by mature idle horses as compared to horses offered tall fescue hay ad libitum. In addition the method was validated in horses fed known amounts of an all hay diet.
MATERIALS AND METHODS
The current protocol was approved by the North Carolina State University Animal Care and Use Committee. The experiment was conducted during October 2009 in Raleigh, NC.
Six mature geldings (557 ± 37 kg) between 5 and 8 yr of age were randomly assigned to a nontoxic, tall fescue hay (n = 3) or pasture treatment (n = 3) in a balanced, crossover design with 14-d periods to estimate DMI as determined by 1 external and 1 of 2 different internal alkane markers and to compare differences between treatments and DMI estimates calculated from the 2 different internal markers. Horses, when assigned to pasture, had access to pasture from 1300 to 0700 h and were then housed in individual stalls (3.7 by 12.2 m) from 0700 to 1300 h where they had access to water at all times but no feed. Horses grazed in single 0.81and 0.75 ha cells during periods 1 and 2, respectively. Pasture was in a late-vegetative state and consisted of over 90% of nontoxic, endophyte-infected tall fescue (Lolium arundinaceum Schreb cultivar Max-Q; Pennington Seed, Madison, GA). Horses when fed hay were offered tall fescue hay at amounts equal to 2 kg/100 kg BW (Table 1 ) from 1300 to 0700 h. The hay was harvested when plants were in mid to late anthesis 1 yr prior to the experiments start from the same pasture used for the grazing horses. Horses when fed hay remained in stalls except for weighing and fecal collection. Hay was removed daily at 0700 h, orts were weighed, and fresh hay was weighed and presented at 1300 h.
The external alkane marker was prepared by dissolving hexatriacontane (C36; CRC; Nufarm Ltd., Auckland, New Zealand) in warm heptane (Fisher Scientific, Pittsburgh, PA) and then spraying the mixture onto whole oats while mixing in a Davis S-2 horizontal paddle mixer (H.C. Davis Sons Manufacturing Co. Inc., Bonner Springs, KA) to provide approximately 750 mg C36/kg oats. Oats were spread in a layer approximately 5 cm thick on a tarp and air-dried for 48 h. Horses were fed 225 g of alkane-treated oats twice daily at 0700 and 1900 h for the duration of the experiment. Fecal samples (approximately 100 g) were collected twice daily at 0700 and 1900 h on d 10 to 14 of each period per rectum unless the horse defecated within 30 min before or during fecal sampling. Fecal samples were mixed by day for each horse and stored frozen (-20°C).
Herbage mass before grazing was estimated at the beginning and end of each period using a plate drop meter. Twelve measurements were taken for calibration and 3 samples/ha were collected using a 0.25 m 2 frame randomly throughout the pasture using the clipweigh-dry-weigh-compute method (National Academy of Science, 1962) for later analyses and 80 grass height measurements were collected with a plate drop meter to estimate average herbage mass. Grass and fecal samples were freeze-dried over 96 h, grass samples were ground through a 5-mm screen on a Wiley mill (Thomas Scientific, Swedesboro, NJ), and both grass and fecal samples were ground through a 0.5 mm screen in a Cyclotec 1093 mill (Rose Scientific Ltd., Edmonton, AB, Canada). Alkane concentration in oats, hay, and grass samples (Table 2) and fecal samples were determined as described by Chavez et al. (2011) .
Differences among sampling days in fecal concentrations of C36 were tested statistically for each treatment and period using the PROC GLM procedure of SAS (SAS Inst. Inc., Cary, NC) with a model that included days tested against residual mean squares. Mean concentrations of fecal hentriacontane (C31), tritriacontane (C33), and C36 were calculated within horse and treatment using the PROC MEANS procedure of SAS. These means were used to calculate intake with C33 or C31 as the odd-chain, internal marker and the C36 as the even-chain, external marker with the following equation from Stefanon et al. (1999) : 2 n = 2.
3 n = 8. 4 Nonfibrous carbohydrate (NFC) = 100 -(% CP + % NDF + % fat + % ash). 1 C29 = nonacosane; C30 = triacontane; C31 = hentriacontane; C32 = dotriacontane; C33 = tritriacontane; C35 = pentatriacontane; C36 = hexatriacontane.
2 Oats sprayed with C36, n = 2.
3 n = 27.
4 n = 3.
5 ND = alkane not detected during analysis.
in which F i is the concentration of odd-chain alkane (mg/ kg) in feces, F j is the concentration of even-chain alkane (mg/kg) in feces, S is amount of supplement (kg/d), S i is the concentration of odd-chain alkane (mg/kg) in supplement, S j is the concentration of even-chain alkane (mg/ kg) in supplement, H i is the concentration of odd-chain alkane (mg/kg) in forage, and H j is the concentration of even-chain alkane (mg/kg) in the forage. The known dose of C36 was divided by the C36 concentration in fecal samples to calculate fecal output. Apparent DM digestibility (DMD) was calculated as (DMI -feces)/DMI using DMI predicted with C33 or C31 in combination with C36. Effect of sampling day on fecal alkane concentration was tested using an ANOVA within treatments and periods, with horse within treatment and period as the error term. Then fecal alkane concentrations measured on each of the 5 sampling days were averaged within horse and treatment to create a dataset with 12 observations, and effects of treatment and period on fecal alkane concentrations and ratios, calculated hay, or pasture intake were tested in a model that included treatment, period, and their interaction as sources of variation tested against residual mean squares. Paired-t comparisons of the differences between measured and calculated intakes were made with the data from treatment 1. For both treatments, DMI using C31 and C33 were similarly compared using a paired student's t test. Results were considered significant at P < 0.05. Results are presented as means ± SE except where indicated otherwise.
RESULTS
Body weight did not differ between periods or treatments (Table 3) . Dry matter intake estimates within treatments (hay or pasture) were not affected by internal marker choice (C31 vs. C33; Table 4 ). Estimated DMI for pasture was greater (P = 0.01) than for hay, regardless of marker choice (Table 3 ). The overall (hay and pasture) mean C31 DMI estimate was greater (P = 0.04) in period 2 as compared to period 1 while the overall mean C33 estimate was unaffected by period (Table 3) . Mean C31 and C33 DMI estimates for pasture increased from period 1 to period 2, while mean C31 and C33 estimates for hay decreased from period 1 to period 2 (Table 3 ; treatment × time; P = 0.01, C31; P = 0.04, C33). Actual measured hay DMI was not affected by period (P = 0.94) and did not differ (P = 0.55; 1.70 ± 0.0005 kg/100 kg BW) from calculated hay DMI using either C31 (1.75 ± 0.001 kg/100 kg BW) or C33 (1.74 ± 0.001 kg/100 kg BW) as internal alkane marker. Mean (±SD) orts were 11.2 ± 5.8 kg/100 kg hay DM offered in period 1 and 20.7 ± 1.9 kg/100 kg hay DM offered in period 2. Horses readily consumed the alkane supplemental oats within 5 min after offer. Pasture herbage mass before grazing was 2,820 and 2,112 kg DM/ ha in periods 1 and 2, respectively.
Fecal output calculated using the external C36 alkane did not differ between periods or treatments (Table 3). Fecal concentration of C36, the fecal C31:C36 ratio, and the fecal C33:C36 ratio did not differ (P = 0.39) among sample days within treatments and periods. Fecal concentrations of C36 did not differ (P = 0.71) among days within periods and treatments, indicating a constant supply of external alkane marker. Calculated mean DMD was greater for pasture than hay and greater in period 2 than period 1 regardless of which marker was used (Table 3) . The period × treatment interaction for DMD calculated with C31 was caused by a greater difference between hay and pasture DMI in period 2 than in period 1 (Table 3) . In paired comparisons, DMD did not differ between C31 or C33 as the internal marker (Table 4) .
DISCUSSION
Pasture DMI reported in the present study (range 1.75 to 2.74% BW in DM) is similar to previously reported DMI (2.4 ± 0.51% BW; mean ± SD) for horses having continuous pasture access (Siciliano, 2012) . Although horses in the present study did not have continuous pasture access over a 24-h period, they did have pasture access for the majority of a 24-h period (i.e., 18 h/d). Previous reports suggest horses only graze for 12 to 16 h/d when having continuous pasture access (Mayes and Duncan, 1986; Fleurance et al., 2010) . Therefore, the horses can be considered similar to those having continual pasture access. The reported pasture DMI in the present study do not appear to be limited by available herbage mass before grazing. If grazing efficiency is assumed to be 0.5, then horses had 1,142 and 792 kg DM available for grazing at the start of periods 1 and 2, respectively. Given the average BW of 557 kg and average DMI of 1.88 (period 1) and 2.71 (period 2), the 3 horses in the pasture treatment would have consumed approximately 440 and 633 kg DM over the entire period 1 and 2, respectively, which is approximately 39 and 80% of the available initial herbage mass, suggesting pasture supply was in excess of demand.
In the current study, use of C31 or C33 did not differ in estimating intake. Concentration of C31 was greater than concentration of C33 in hay and grass. Small changes in C33 concentrations in feces would have a greater influence on the intake estimate calculation. Stefanon et al. (1999) concluded that the estimated intake was lower than actual when feeding tall fescue hay and concentrate to horses, and the estimate using C31:C32 was preferable due to lower concentrations of C33 in the hay. Smith et al. (2007) also concluded that C31 as the internal marker provided a better estimate over C33 in horses fed hay. O'Keefe and McMeniman (1998) estimated within 5.4% accuracy when feeding mixed diets varying in proportions. With C31 and C33 estimates reported as the most accurate, no estimates were calculated using other odd-chain alkanes. Stevens et al. (2002) fed fresh-cut grasses and hay and found the C33:C32 estimate gave a more accurate estimate when feeding Kikuyu grass or Kikuyu hay while C31:C32 gave a more accurate estimate for fresh ryegrass. Kikuyu grass was higher in C33, while ryegrass had higher concentrations of C31. In the current experiment both C31 and C33 gave similar estimates; however, the higher concentration of C31 in both forages suggests that the C31 DMI estimate should be less susceptible to error.
Oats were an acceptable carrier for even-chain alkanes to be supplemented to horses. Oats were used as a carrier for ease of dosing and for immediate consumption at the desired time of dosing, while having no C31 or C33 to influence intake estimation. The use of C36 as an external marker was appropriate because adjacent alkanes are not required to estimate intake in horses (Ordakowski et al., 2001; Ferreira et al., 2007) . The use of C35 would have been considered in the present study as an internal marker, but that alkane was not detected in the hay or grass. Lack of differences among days within periods and treatments in fecal concentration of C36 provides evidence of adequate time of dosing before fecal collections, as shown in cattle (Chavez et al., 2011) . Ferreira et al. (2007) concluded that 3 to 5 d dosing before fecal collection was adequate to attain constant fecal concentrations of alkanes.
Although there is no measured actual pasture DMI to compare with the estimates obtained using the alkane pair method, the agreement between actual and estimated hay DMI supports the validity of the pasture DMI estimate, especially in light of the similarity in alkane profile between the 2 forages.
Hay DMD (g/100 g DMI) was lower than pasture. Ordakowski et al. (2001) found DMD from total fecal collections ranged from 54 to 61 in mixed grass and legume hay diets. Stevens et al. (2002) measured DMD for ryegrass at 54, for Kikuyu grass at 59, and for Kikuyu hay at 34. The DMD for tall fescue in the present experiment are similar to those of Stevens et al. (2002) , and the hay is less digestible than the grass, similar to the findings by Stevens et al. (2002) with Kikuyu grass. Differences in DMD between hay and pasture in the present study are likely influenced by differences in chemical composition between the 2 forages (e.g., ADF, NDF).
The pasture in the current study was predominantly tall fescue with small but detectable presence of red clover (Trifolium pratense) and several other weed species. Dove and Moore (1995) used least-squares mathematical procedures to determine intakes of different forage species based on alkane composition; however, horses in the present experiment appeared to consume only the tall fescue during daily visual observation so no diet composition was calculated and only tall fescue alkane concentrations were used in estimating intake. Pasture sampling sites during the experiment were based on visual observation of the horses' eating behavior. Dove et al. (1996) found varying concentrations of alkanes in different plant parts of each species. With changing forage composition as forage ages, the plant composition may have affected the intake estimates slightly based on the exact forages consumed by the horses. Intakes during periods 1 and 2 were based on grass samples collected at the end of those periods, respectively.
In conclusion, alkanes can be used to estimate DMI of horses offered hay ad libitum. The estimated DMI of horses grazing pasture gave reasonable intakes within the expected DMI range. The greater DMD of pasture vs. hay may have contributed to greater DMI in pasture vs. hay. Intake estimates of grazing horses can be used to improve management practices by providing a quantitative basis for spatial and temporal pasture allocations.
